The total amount of iodine in the circulating blood of a normal human adult usually does not exceed half a milligram. It can be understood, therefore, why early investigators doubted that iodine was a constant component of the blood. It was not until 1923 that a method (1) During the hour's distillation care was taken to employ a strong current of alkali-washed air, and to collect the same amount of water in the receiving flask as was added to the digestion mixture before distillation (usually 100 cc.). New lots of reagents were always tested for traces of iodine before using.
(Received for publication February 7, 1940) The total amount of iodine in the circulating blood of a normal human adult usually does not exceed half a milligram. It can be understood, therefore, why early investigators doubted that iodine was a constant component of the blood. It was not until 1923 that a method (1) was introduced that was sufficiently delicate to permit a quantitative study of the blood iodine. Since that time, numerous procedures have been brought forward. These have often differed only slightly from each other but have yielded markedly discordant results. For instance, in a recent compilation (2) of normal blood iodine values as given by different workers, a range of 1.1 to 40.0 micrograms per cent is found.
In the present report an attempt has been made to establish the normal blood iodine level for males and females in New York City and to investigate the effects of certain disease conditions on this norm.
METHOD
After a study of available methods, that of Trevorrow and Fashena (3, 4) proved the most satisfactory and reliable and was adopted for use in this clinic. A description of the method as used in this laboratory was recently published by Palmer, Leland and Gutman (5) . Duplicate samples of 15 cc. of blood were digested in 500 cc. digestion flasks which were later connected directly to the distillation apparatus. For this amount of blood, 30 grams of recrystallized potassium dichromate and 90 cc. of the chromic acid-sulfuric acid mixture were used.
Small samples were used with bloods suspected of containing large amounts of iodine, as it was shown (5) that quantitative recoveries above 6 micrograms were not always obtained. According to the amount of blood used, the proportions of the reagents were varied as follows: During the hour's distillation care was taken to employ a strong current of alkali-washed air, and to collect the same amount of water in the receiving flask as was added to the digestion mixture before distillation (usually 100 cc.). New lots of reagents were always tested for traces of iodine before using.
Total iodine recoveries using this method with known solutions of potassium iodide have been reported from this laboratory (5) . Using sheep's blood to which known amounts of potassium iodide were added, equally satisfactory recoveries were made.
In each case the usual rigorous precautions were taken against contamination of the blood sample both when it was secured and after it had reached the laboratory.
Results were discarded when the discrepancy between the duplicate specimens exceeded 10 per cent. The average value of the duplicate determinations is given throughout the present report.
Normal blood iodine
To establish the normal range of blood iodine values, determinations were made on 20 males and 20 females, mostly medical students or laboratory technicians, who were in good health. All were receiving a regular diet, and the blood samples were usually obtained after breakfast. In each case care was taken to ensure that there had been no recent intake of sea food, that tincture of iodine had not been applied to the skin and that iodized salt was not used.
The results are given in Table I and are expressed graphically in Figure 1 . The range of the blood iodine for the 20 normal males was 3.8 to 8.6 micrograms, and for the 20 normal females was 3.5 to 10.4 micrograms. The average value for the males was 5.9 micrograms; for the females, 6 In general, the results herewith reported for normal adults agree closely with the values given recently for normal infants and children in New York City by Fashena (6) , using the same method. She found an average blood iodine of 6.6 micrograms in a group of older children.
It will be noted that the blood iodine varies more widely in normal females than in males and that the average for the females is about a microgram higher. In previously reported series, no constant sex difference in the blood iodine level has been found, although it is more often stated that the level is higher in males, contrary to the results here reported. In all events, the difference, if present, is slight and probably of little significance.
A factor of possible importance that could explain higher values in the female is the generally accepted belief that the blood iodine rises significantly on the first days of the menstrual flow. This was first stated by Veil and Sturm (7), and subsequently without dissent by numerous others. In this series the precaution was taken of securing the blood sample during the intermenstrual period.
With two exceptions all determinations were I.
- consider the normal range of blood iodine for this method in New York City to be 4.0 to 10.0 micrograms per 100 cc. This decision was accompanied by the mental reservation that perhaps the latter figure was too high and that 9.0 micrograms might be a more accurate upper limit of normal.
Thyroid disease The intimate relationship of the thyroid to iodine metabolism early attracted the interest of those investigating the iodine content of the blood. As a result, the literature pertaining to the blood iodine in thyroid disease has already become voluminous. A good review has recently appeared (2) .
Despite the many previous reports it was considered advisable to study another series of patients with thyroid disorders, particularly with the view of using the results obtained as a basis for comparison with other disease groups.
Hyperthyroidism. There were 20 cases of undoubted hyperthyroidism (Table II and Figure 1 ). In 17 the changes in the thyroid were diffuse, and in 3 there was a toxic adenoma. As is usually the case, females predominated in this series in the ratio 3: 1. In no instance had iodine therapy been started.
In 14 patients (70 per cent) the blood iodine was above 10.0 micrograms, the upper limit of normal. In 2 cases (10 per cent) the blood iodine was 9.5 micrograms, which may be classed as " high normal." In the remaining 4 patients (20 per cent) the iodine level was entirely normal. These findings correspond rather closely with previously reported series.
The occurrence of hyperthyroidism with a normal blood iodine level has been repeatedly stressed. The present series is too small to warrant detailed comparison between those patients with an elevated blood iodine and those whose blood iodine was normal. Broadly speaking there do not seem to be significant differences between the two groups with two possible exceptions: (1) none of the five males in the series had a normal iodine level; and (2) of the 3 patients observed at the time of a recurrence of hyperthyroidism, 2 had normal blood iodine values. In the third patient, whose blood iodine was 21.4 micrograms when first observed, the level during a recurrence 3 months later was 13.4 micrograms.
No correlation was evident in the entire series between the level of the blood iodine and the basal metabolic rate or the serum cholesterol values determined by the method of Bloor, Pelkan and Allen (8) .
Non-toxic adenoma. In 4 of 5 cases of nontoxic adenoma of the thyroid, normal blood iodine levels were found (Table III and Figure 1 ). In the fifth case the value was low. This patient also had hypertensive vascular disease (see below). Again, as in the hyperthyroid group, there was no correlation of the blood iodine with the basal metabolic rate or serum cholesterol level.
Hypothyroidism. There were 5 cases in whom the diagnosis of hypothyroidism was established with reasonable certainty. Only 1 presented the clinical syndrome of myxedema. The blood iodine was normal in 2 cases and low in 3 cases (Table III and Figure 1 ). There was no definite correlation of the blood iodine with the basal metabolic rate or serum cholesterol level. Thyroiditis. The blood iodine was elevated in 2 cases and the serum cholesterol was low in both, although the basal metabolic rate was low in one and high in the other (Table III and Figure 1 ). One case was proved by biopsy; in the other the evidence, though presumptive, was strongly suggestive.
Carcinoma of thyroid. In 1 proved case the blood iodine was normal, the basal metabolic rate was elevated, and the serum cholesterol was low (Table III and Figure 1) . "Nervousness." In 6 patients the question of hyperthyroidism had been raised, but after careful study the eventual diagnosis was considered to be some form of nervous imbalance. These individuals were all females and all had normal iodine levels in the blood (Table III and Figure 1 ). In these cases the basal metabolic rate was normal but the serum cholesterol varied from 140 mgm. to 298 mgm. per 100 cc. (7, 9 to 12), while one investigator (13) reported that a normal level was the rule. When an elevated blood iodine was found, the increase did not parallel the rise in basal metabolic rate (11) . In the presence of congestive heart failure from whatever cause, the blood iodine was reported high (7) or normal (14) . Digitalis was observed to produce a sharp drop in the iodine level (7) . In a few cases of renal failure an elevated blood iodine was found (13, 15) . CAlso had non-toxic adenoma of thyroid.
The blood iodine was determined in 8 patients with hypertensive vascular disease (Table IV and Figure 1 ). The only basis for selection was the diagnostic difficulty afforded by all. In each, hyperthyroidism had been considered a possibility.
The clinical picture varied. Thus, in 4 patients there was congestive heart failure; in 2 instances there had been a coronary thrombosis; and there was 1 case each of impending uremia and severe headache with retinal changes.
The basal metabolic rate was distinctly elevated in 5 of the 7 patients on whom the test was made. This, of course, is not characteristic of all series of cases of hypertensive vascular disease, and it should again be emphasized that the patients in this particular group all suggested in some way the diagnosis of hyperthyroidism.
The serum cholesterol was high in half the cases.
The blood iodine values are of interest. In 5 patients the iodine level in the blood fell within the lower half of the normal range. In 3 cases there was a hypoiodemia. There was no correlation between the blood iodine level and the clinical picture presented by the patient, the basal metabolic rate, or the serum cholesterol. Digitalis had been given to 4 patients but, so far as could be inferred, it had had no particular effect in lowering the blood iodine. The 2 patients in this group with the highest blood iodine values had received digitalis; the 2 patients with the lowest levels had not been given the drug. None of the cases had received quinidine or potassium iodide. In one instance (Number 52) some bromide had been given.
It should be noted that the average patient in this group with hypertensive vascular disease had a basal metabolic rate of + 30 per cent, a serum cholesterol slightly above normal at 278 mgm., and a blood iodine of 4.4 micrograms which is at the lower limit of normal.
Other heart disease. For comparison, a group of 8 patients with rheumatic, syphilitic, or arteriosclerotic heart disease was studied (Table V and Figure 1) . Six of the patients had congestive heart failure and 2 had aneurysms. Digitalis had been given to 5 cases.
The basal metabolic rate had been determined in only 4 of the group. It was normal in each instance, and the average of the 4 determinations was + 1 per cent.
In contrast to the hypertensive group, the serum cholesterol was above normal in only 1 case. The average serum cholesterol was 200 mgm. as com- Also had non-toxic thyroid adenoma.
pared to 278 mgm. in the patients with hypertension.
In 6 cases the blood iodine was normal. In 1 patient it was lowered slightly, and in the remaining case there was a definitely low blood iodine. The average for the group was 5.4 micrograms compared with 4.4 micrograms in the hypertensive cases. Nephritis. Blood iodine determinations were made on 3 patients with glomerular nephritis (Table VI and Figure 1 ). While this series is too small to permit sweeping conclusions, it is of interest to point out that: (1) the basal metabolic rate was low in all; (2) the serum cholesterol was markedly elevated in 2 and normal in the patient with active rheumatic fever; and (3) the blood iodine was uniformly low. These findings are, of course, the same as those seen in hypothyroidism.
Discussion In heart disease other than hypertensive, the blood iodine also tends to be low, but this tendency is not as marked as in hypertensive vascular disease and the basal metabolic rate and serum cholesterol are normal.
Leukemia
In a preliminary report (16) The results obtained on study of the myeloid cases are shown in Table VII . The blood iodine ranged from 1.3 to 7.4 micrograms, was below normal in 9 cases (75 per cent) and the average for the group was only 3.4 micrograms. In 3 patients the iodine values were within normal limits. In one of these (Case 149) it was 4.1 micrograms, which is at the lowest limit of normal. The highest value obtained was 7.4 micrograms in Case 16. This patient had myeloid leukemia beyond reasonable doubt, but because he left the hospital shortly after the test was performed the determination could not be repeated. Case 133, who also had a normal blood iodine level, was studied at the time of a complete spontaneous remission of the leukemic process when no evidence whatever of leukemia could be found, although her local physician reported that he had found a leukemia blood picture several months previous to hospital admission. Six months after discharge an abnormal blood count was again.discovered and the diagnosis of myeloid leukemia was confirmed.
The spleen was enlarged in all patients except the one last discussed. All the cases were anemic and had elevated white blood counts with abnormal leukocytes in the stained smear, again with the ex- As may be seen in Table VII , there is no relationship between the blood iodine level and the age or sex of the patient, the duration of symptoms, the amount of radiotherapy, the red blood count, the white blood count, the percentage of immature cells, the basal metabolic rate, the serum cholesterol, or the length of life subsequent to the analysis.
The blood iodine determination was repeated in 3 patients. Case 75 was found to have a blood iodine of 3.3 micrograms 14 months after his original examination had shown a level of 3.9 micrograms. Case 13 rose in 2% months from 1.7 to 3.0 micrograms; and Case 73 was constant at 1.3 and 1.1 micrograms during 5 months.
It should perhaps be noted that Case 164, here included as myeloid leukemia, was classified by the pathologist at autopsy as an example of monocytic leukemia.
The data on the 17 patients with lymphoid leukemia are given in Table VIII . With a few exceptions the blood count was high and the percentage of lymphocytic cells was increased. The majority of the patients were anemic. With two exceptions (Cases 148, 203) there was palpable lymphadenopathy associated in a majority of instances with splenomegaly.
The basal metabolic rate was determined in 10 cases and was elevated in all. It ranged from + 19 per cent to + 67 per cent, with an average of + 40 per cent.
The serum cholesterol varied widely. Although the average value of 213 mgm. is normal, individual determinations ranged from 72 mgm. to 375 mgm. If the normal range is assumed to be approximately from 160 to 250 mgm., it will be noted that in 3 cases there was a hypocholesterolemia and in 5 the serum cholesterol was above normal. The latter is of some interest in view of the consistent elevation of the basal metabolism.
The blood iodine also varied over a wide range but, whereas in the myeloid group 75 per cent of the cases had sub-normal levels of iodine in the blood and 25 per cent were normal, in the lymphoid leukemias 59 per cent (10 cases) were normal, 41 per cent (7 cases) were above normal, and not a single case had a hypoiodemia. The range of blood iodine values was from 4.3 to 17.9 micrograms, and the average was 9.3 micrograms.
A study of the data presented in Table VIII shows no other apparent difference between those patients with an elevated blood iodine and those with normal values. Again, as in the myeloid group, there is no relationship between the blood iodine level and the age or sex of the patient, the duration of symptoms or of therapy, the red or white blood cell counts, the percentage of lymphocytic cells, the basal metabolic rate, the serum cholesterol, or the subsequent duration of life.
Repeated determinations were made on 1 patient (Case 4). Two months after the blood iodine was found to be 4.7 micrograms, the test was repeated and the iodine found to be unchanged at 4.6 micrograms. Thirteen months later a third determination showed a rise to 5.6 micrograms with an associated increase in white blood count to 32,000 from 9,000 cells.
An elevated blood iodine was found in 2 cases of lymphosarcoma. One of these subsequently developed a leukemic blood picture. Five additional cases of lymphosarcoma had blood iodine values well within the normal range.
In 6 cases of Hodgkin's disease, the blood iodine was normal in 5 and slightly elevated in 1 (10.6 micrograms).
Ten cases of neoplasm of various sites with widespread metastasis were studied. A surprisingly wide variation in blood iodine levels was found. In a case of carcinoma of the stomach and one of unknown origin the blood iodine was low (2.6 and 3.8 micrograms). Normal values were found in 5 cases in which the primary site was the stomach (2 cases), adrenal, cecum, and unknown. In the remaining 3 cases the neoplasm originated in the breast, kidney and stomach, and a hyperiodemia was demonstrated (15.0, 20.0, and 32.2 micrograms).
Discussion. As was stated before (16), the cases of leukemia with blood iodine determinations reported in the literature are not more than half a dozen in number. It has been assumed apparently that the level of blood iodine was generally increased in both types of leukemia. Increased blood iodine values have been reported in myeloid leukemia ( 17, 19, 20) and in the lymphoid type (7, 17, 19) . A normal value was found in 1 case of myeloid leukemia (19) , and Stevens (21), using a method closely resembling the one employed in this work, reported a normal blood iodine in 1 case of lymphoid leukemia.
The contrast between the iodine range in the blood of the 12 myeloid cases and the 17 in the lymphoid group is well shown in Figure 1 , and on comparison of Tables VII and VIII. In only 2 cases was there any overlapping of the two groups. In both these instances, patients with myeloid leukemia had normal blood iodine values. Both have been previously discussed. In 1 no explanation for the discrepancy could be adduced; the other patient was in a spontaneous remission without any evidence of leukemia.
In both groups there was a complete lack of correlation between the blood iodine level and various other clinical features. In both groups there was an increase in the basal metabolic rate. The average was slightly higher in the lymphoid group (+ 40 per cent as compared with + 33 per cent). The serum cholesterol in this group was also higher. The average in lymphoid leukemia was 213 mgm. while in the myeloid type it was 150 mgm., an abnormally low figure. The striking difference between the two groups, however, was in the figures for the blood iodine. The average for the group of patients with myeloid leukemia was 3.4 micrograms compared with 9.3 micrograms for the lymphoid group. SUMMARY 1. The blood iodine of 20 normal males living in New York City ranged from 3.8 to 8.6 micrograms with an average of 5.9 micrograms. Twenty normal females had blood iodine values varying from 3.5 to 10.4 micrograms and averaging 6.8 micrograms. Although a considerable variation occurred in the blood iodine level of 2 individuals, no seasonal trend could be demonstrated.
2. The normal range for the blood iodine was arbitrarily set at 4.0 to 10.0 micrograms. 3 . In 20 cases of hyperthyroidism the blood iodine was elevated in 14 (70 per cent), normal in 6 (30 per cent). In 4 of 5 cases of non-toxic adenoma, the blood iodine was normal, while in the fifth patient it was low. In 5 cases of hypothyroidism the blood iodine was low normal or low. The iodine level in the blood was elevated in 2 cases of thyroiditis, normal in 1 case of car-cinoma of the thyroid, and normal in 6 neurotic females. There was no correlation between the blood iodine level and the serum cholesterol or basal metabolic rate within each of these groups. 4 . In hypertensive vascular disease the blood iodine was low or low normal and the serum cholesterol was normal or even high when the basal metabolic rate was increased. It was suggested that these findings would aid in differentiating hypertensive vascular disease from hyperthyroidism. In heart disease other than hypertensive the blood iodine tended to be low, but the serum cholesterol and basal metabolic rate were normal.
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